INTRODUCTION
Regional radiocarbon offsets have been recognized in the past. Lerman et al. (1970) , using wood from about AD 1835, showed that trees from the Southern Hemisphere dated older by approximately 30 ( 14 C) yr compared to identically aged Northern Hemisphere trees. More recently, Vogel et al. (1993) measured a 40-yr offset between hemispheres comparing data from the Netherlands and South Africa (wood spanning the yr AD 1835-1890). McCormac et al. (1998) measured hemispheric differences of 27 yr (British Isles/New Zealand; 18th to 19th century) and Stuiver and Braziunas (1998) measured differences of 23 yr (Western US/Chile; 19th century). Accepted theory attributes the difference to the influence of the larger expanse of ocean in the Southern Hemisphere and the atmosphere-ocean CO 2 exchange. Thus, 14 C is not uniformly distributed throughout the troposphere but exhibits hemispheric differences as observed in terrigenous organic material. The long-term question has been, do these differences vary temporally?
Small differences in the dates of wood from different locations are extremely difficult to detect. If wood from different regions is measured in different laboratories, then small systematic differences between laboratories can easily mask any signal that may exist (McCormac et al. 1995) . For this reason, we have measured replicates of the oak (Quercus petraea), cedar (Libocedrus bidwillii), and silver pine (Lagarostrobos colensoi) at the Queen's University of Belfast and The University of Waikato, New Zealand 14 C dating laboratories Hogg et al. (this issue) . Weighted means of the differences in the wood measurements show consistent 14 C depletion or older 14 C ages in the Southern Hemisphere over the period AD 950-1850. After these dates, i.e. in the period AD 1895-1935, the results from both laboratories show a reversal such that the Northern Hemisphere is slightly depleted. This reversal has been previously attributed to the burning of fossil fuel in the industrialized Northern Hemisphere Stuiver and Braziunas 1998) .
In Figure 1 , the mean differences of the data from Hogg et al. (SH offset) are plotted along with a 3-point moving average. A 120-130 yr periodicity with varying amplitude is clearly visible in the 3-point moving average. This periodicity is well above the red noise 95% confidence limit in the Fourier spectral analysis (Mitchell et al. 1966) (Figure 2 ) and was confirmed as one of the principle components of variation in the NS offset using singular spectrum analysis (Dettinger et al. 1995; Vautard et al. 1992) . Spectral analysis was carried out on the data excluding the period before AD 1400 and the 120-130 yr periodicity persisted. A large increase in the SH offset is seen between AD 1245 and 1355.
Previous work to establish the Southern Hemispheric offset has produced several high-precision datasets (Vogel et al. 1993; Sparks et al. 1995; Stuiver and Braziunas 1998) . Although some of these datasets are based on ring-counted sequences rather than precise dendrochronological dates, we compared these results from the high-precision laboratories at the Universities of Washington (QL), Pretoria and Groningen (Pta/Grn), and the Rafter Radiocarbon Laboratory (NZ) with the combined measurements from Belfast and Waikato. The University of Washington data from Chile (previously published in graphical form in Stuiver and Braziunas 1998) is given in Table 1 . The other data has been published previously. The offsets between the laboratories are shown in Table 2 . There is a high level of agreement between our dataset and the QL and Pta/Grn measurements in terms of both the mean offset values and the spread of measurements. The mean offset value with the NZ measurements is larger especially for the period from AD 1335-1445. The NZ measurements were therefore not included in the Southern Hemisphere calibration dataset.
The combined Southern Hemisphere data are given in Table 3 . Data have been combined by the method used for IntCal98 and described in . The error multiplier (k) is a convenient measure of the degree to which the errors in measurement have been accounted for (Stuiver and Pearson 1986 ) with a value of 1.0 indicating that all sources of error in the measurements have Figure 1 Difference between combined Southern and Northern Hemisphere measurements with a 3-point moving average superimposed been included, whereas values below 1.0 indicate an overestimate of the error. An error multiplier of 1.2 was used for the combined data from 1665 to 1955 based on the largest k value obtained for the differences between labs (Table 2) . No error multiplier was applied to the data prior to 1665 as the k values indicate overestimates of the uncertainty were included in the Belfast and Waikato datasets. Taking the SH offset determined by subtracting the data in Table 3 from IntCal98 ( Figure  3) , we obtain a mean offset of 41 ± 1 yr with a standard deviation based on the spread in the differences of ±14. This value is similar to that found by Vogel et al. (1993) , but encompasses a much longer time span. The offset may be used as a correction for Southern Hemisphere 14 C measurements beyond the range of the new data; however, past changes in the ocean-atmosphere regime could and will almost certainly have altered the inter-hemispheric difference in 14 C reservoirs especially beyond the Holocene. We therefore would suggest using this offset for Holocene samples only and recommend the use of the standard deviation of ±14 to encompass the time variation we observe over the last millennium.
DISCUSSION
The ocean effect on atmospheric 14 C gradients has previously been modelled (Stuiver and Braziunas 1998; Levin et al. 1987; Braziunas et al. 1995) . The relative depletion of 14 C in the Southern Hemisphere atmosphere before 1885 can be attributed to the differences in ocean circulation and CO 2 exchange between ocean and atmosphere in the 2 hemispheres. In the Southern Ocean, surface ocean 14 C is low, reflecting the exposure of old, deep waters at the surface. While there is a similar but smaller depletion of 14 C in the North Pacific, the 14 C in North Atlantic surface waters remains high reflecting their origins in low latitudes and longer exposure time to the atmosphere. We used a 2-hemisphere ocean-atmosphere box diffusion model with our Northern Hemispheric 14 C record as Figure 2 Spectral analysis of the difference between Northern and Southern Hemisphere measurements. The difference was detrended using a 20-point moving average and smoothed with a 3-point moving average. The 95% red noise confidence level is indicated by the dashed line.
input to identify possible causes of the increased SH offset for this period. We found that, by using the original parameters of Stuiver and Braziunas (1998) , the model Southern Hemisphere atmosphere fit the data exceeding well from AD 1400 to 1840, but was less depleted than the 14 C values of the preceding period. Increases in the air-sea CO 2 exchange rate and the eddy diffusivity did not significantly alter the model output. Addition of an advection to the deep ocean and the subsequent replacement by upwelling in the Southern Hemisphere or an increase in the tropospheric exchange rate for the period AD 1200-1400 improved the fit considerably. This modelling work and discussion of the periodicity in the SH offset is expanded in the forthcoming paper by Reimer et al. 
